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Description

BACKGROUND

[0001] The present disclosure relates to audio loop-
back on devices.
[0002] Applications may want to use a hardware loop-
back audio stream of the audio data being rendered to a
speaker for various processing. For example, applica-
tions may want to use a loopback audio stream for echo
cancelation or recording audio for the application. Cur-
rently, the universal serial bus (USB) specification does
not support hardware audio loopback on USB devices,
and thus, hardware audio loopback may not currently be
performed on USB devices. Yet, applications may want
to use hardware audio loopback data from a USB device
for various processing.
[0003] Thus, there is a need in the art for improvements
for audio loopback on devices.
[0004] US2018/027330A1 provides techniques for da-
ta transfer between a host device and a peripheral device.

SUMMARY

[0005] The following presents a simplified summary of
one or more implementations of the present disclosure
in order to provide a basic understanding of such imple-
mentations. This summary is not an extensive overview
of all contemplated implementations, and is intended to
neither identify key or critical elements of all implemen-
tations nor delineate the scope of any or all implementa-
tions. Its sole purpose is to present some concepts of
one or more implementations of the present disclosure
in a simplified form as a prelude to the more detailed
description that is presented later.
[0006] The invention is as defined in the independent
claims 1, 8 and 15.
[0007] Advantages and novel features relating to im-
plementations of the present disclosure will be set forth
in part in the description that follows, and in part will be-
come more apparent to those skilled in the art upon ex-
amination of the following or upon learning by practice
thereof.
[0008] The invention relates to a computer device, a
method and computer-readable medium as set forth in
the claims. It will be understood that aspects of this dis-
closure falling outside the scope of the claims may not
be part of the invention but may be useful to understand
the invention.

DESCRIPTION OF THE FIGURES

[0009] In the drawings:

Fig. 1 is a schematic block diagram of an example
computer device in communication with one or more
USB devices in accordance with an implementation
of the present disclosure;

Fig. 2 illustrates an example of a USB device pro-
viding hardware loopback in accordance with an im-
plementation of the present disclosure;
Figs. 3A and 3B illustrate an example method for
converting a pin into a hardware loopback pin on a
USB device in accordance with an implementation
of the present disclosure; and
Fig. 4 is a schematic block diagram of an example
device in accordance with an implementation of the
present disclosure.

DETAILED DESCRIPTION

[0010] This disclosure relates to devices and methods
for converting a pin on a device to a hardware loopback
pin so that the device provides hardware loopback ca-
pabilities. For example, the device may be a USB device
that may include any number of channels for capturing
audio and/or emitting audio. Each speaker and/or micro-
phone of the devices may correspond to any number of
channels. Currently, the USB specification does not sup-
port hardware audio loopback on USB devices. As such,
hardware audio loopback may not be performed on USB
devices.
[0011] The pin converted into a hardware loopback pin
may be a pin on a device designated to expose a hard-
ware loopback stream. For example, the pin may include
a capture pin. The pin may be exposed as a capture pin
to illustrate a direction of the data (e.g., the pin is a source
of data as opposed to consuming data). Another example
of the pin may include a vender specific pin where a ven-
dor provides specific definitions for the pin. The device
is designed or built to expose a hardware loopback
stream using the designated pin to convert into a hard-
ware loopback pin.
[0012] As used herein, a hardware loopback stream
includes audio data being rendered to the speakers on
the devices for output. Additional processing on the audio
may occur prior to the output of the audio via the speakers
before providing the rendered audio data in the hardware
loopback streams. The additional processing may in-
clude, but is not limited to, equalization, filtering, pitch
shift, and/or any other effect on the audio data. As such,
the hardware loopback streams may accurately repre-
sent the audio coming out of the speakers on the devices.
[0013] The methods and devices may use a hardware
loopback stream instead of copying the output signal sent
to the speakers as, for example, currently performed by
software loopback streams. Software loopback streams
may not accurately represent the audio coming out of the
speakers on the devices since the software loopback
streams may capture the audio data before the audio
data is rendered to the speakers for output and/or prior
to any additional processing that may occur on the audio
data prior to output. As such, using the hardware loop-
back streams by applications may be more efficient than
using software loopback streams since the hardware
loopback streams may provide a more accurate repre-
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sentation of the sound produced by the speakers on the
devices relative to the software loopback streams.
[0014] The computer device and/or applications run-
ning on the computer device access the hardware loop-
back stream to improve one or more operations or out-
puts associated with the hardware loopback stream. For
example, in a system that captures hardware loopback
data in the form of audio data, the improved operations
or outputs may include, but are not limited to, performing
echo cancelation and/or obtaining an accurate recording
of the audio played by a particular output device (also
referred to as a render device).
[0015] The devices and methods may identify at least
one pin, such as a microphone, on the device to convert
into a hardware loopback pin. The hardware loopback
pin enables the audio data being rendered to the speak-
ers of the devices to be provided in a hardware loopback
stream. The audio data rendered to the speakers may
include the audio data for output via the speakers on the
devices. As such, the hardware loopback stream from
the device may accurately represent the audio output
from the speakers on the device.
[0016] The devices and methods read configuration
settings information for the device to identify the pin to
convert into the hardware loopback pin. For example,
registry settings may store the configuration settings in-
formation for the device. Another example may include
storing the configuration settings information for the de-
vice in custom files. The configuration settings informa-
tion may be obtained from a custom file for the device.
For example, the custom file may be a custom INF file
or other setup information file. In addition, the configura-
tion settings information may be obtained from operating
system (SO) specific firmware provided on the device.
[0017] The devices and methods provide instructions
to the devices to convert the identified pin into a hardware
loopback pin. As such, the identified pin may switch from
a capture device obtaining audio to a hardware loopback
pin capable of providing a hardware loopback stream.
[0018] The devices and methods receive the hardware
loopback stream from the devices and provide the hard-
ware loopback streams to applications on the computer
device
[0019] The computer device and/or applications may
want to use the hardware loopback streams from the de-
vices for additional processing, such as, but not limited
to, acoustic echo cancellation and/or recording audio
coming out of the speakers. At any time applications may
send an audio request for a hardware loopback stream
and may use the same audio output by the speakers on
the device by accessing the hardware loopback stream
containing the audio data from the device. By using hard-
ware loopback, a better representation of the audio data
rendered to the speakers of the devices may be recorded
in the hardware loopback streams and used by the ap-
plications.
[0020] One example may include a person using a mi-
crophone on a SKYPE call with a friend while some back-

ground music is playing on the speaker. In this case the
audio captured from microphone on the SKYPE call may
also include the audio from the background music if it is
in close proximity to the speaker. Using the hardware
loopback stream, the speaker audio (e.g., background
music) may be cancelled from the microphone audio so
that the friend on the SKYPE call does not hear the back-
ground music in the call.
[0021] As such, the methods and devices may be used
to provide hardware loopback capabilities to USB devic-
es. By converting at least one pin, such as, a microphone
on the USB devices into a hardware loopback pin, USB
devices are able to provide hardware loopback capabil-
ities for use with applications.
[0022] Referring now to Fig. 1, a system 100 for pro-
viding hardware loopback streams 14 may include a plu-
rality of USB devices 106 (up to m, where m is an integer)
in communication with computer device 102 via a wired
or wireless network 104. In an implementation, the plu-
rality of USB devices 106 may communicate with com-
puter device 102 via a network or bus protocol, such as,
a USB connection.
[0023] USB device 106 may include any number of
channels for capturing audio and/or emitting audio. For
example, USB device 106 may include one or more
speakers 20, 21 that supports two channels (e.g., right
and left) and may include one or more microphones 17,
19. Each speaker 20, 21 and/or microphone 17, 19 of
USB device 106 may correspond to any number of chan-
nels.
[0024] USB device 106 provides hardware loopback
capabilities by converting a pin on USB device 106, such
as a microphone 17, into a hardware loopback pin 18.
For example, the pin may include, but is not limited to, a
capture pin or a vender specific pin. The pin converted
into hardware loopback pin 18 may be previously identi-
fied to expose a hardware loopback stream 14. As such,
USB device 106 is designed or built to expose a hardware
loopback stream 14 using the identified pin.
[0025] Hardware loopback pin 18 provides a hardware
loopback stream 14. As such, anytime audio data 15 is
rendered for output from one or more speakers 20, 21
on USB devices 106, the rendered audio data 15 is ob-
tained by hardware loopback pin 18 on USB device 106
and provided in hardware loopback stream 14. The ren-
dered audio data 15 for output may include any additional
processing performed on the rendered audio data 15.
The additional processing may include, but is not limited
to, equalization, filtering, pitch shift, base boost, and/or
any other effect on the audio. In addition, the rendered
audio data 15 may include a mix of audio data for a plu-
rality of applications actively rendering audio for output
on USB device 106.
[0026] For example, a music application may be play-
ing music on USB device 106 at the same time a video
conference application may have a video call on USB
device 106. Both applications may be actively rendering
audio for output via speaker 20 and the rendered audio
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data 15 may include the audio data for both the music
application and the video conference application. The
rendered audio data 15 may correspond to the audio out-
put from speaker 34. As such, hardware loopback stream
14 may accurately represent the audio output from the
speaker 20 on USB device 106.
[0027] In an implementation, USB device 106 may in-
clude operating system (OS) specific firmware 30 that
identifies at least one pin, e.g., microphone 17, on USB
device 106 that may be converted into a hardware loop-
back pin 18. Once converted, microphone 17 may pro-
vide hardware loopback capabilities and may obtain
hardware loopback stream 14. The OS specific firmware
30 may provide operating specific instructions for identi-
fying the pin to convert it to a loopback pin. For example,
the OS specific firmware 30 may provide instructions spe-
cific to WINDOWS OS. The OS specific firmware 30 may
be added to USB device 106 by the hardware manufac-
turer for USB device 106.
[0028] USB device 106 may also include a capture
stream 40 with any audio captured by microphones 17,
19. For example, if a person speaks into microphone 19
of USB device 106, capture stream 40 may include the
captured audio data from the person speaking. In addi-
tion, if background music is playing nearby microphone
19 of USB device 106, capture stream 40 may include
the audio data corresponding to the background music.
Capture stream 40 may be used by application(s) 10 on
computer device 102.
[0029] Computer device 102 may include any mobile
or fixed computer device, which may be connectable to
a network. Computer device 102 may be, for example, a
computer device such as a desktop or laptop or tablet
computer, an internet of things (IOT) device, a cellular
telephone, a gaming device, a mixed reality or virtual
reality device, a music device, a television, a navigation
system, a camera, a personal digital assistant (PDA), or
a handheld device, or any other computer device having
wired and/or wireless connection capability with one or
more other devices.
[0030] Computer device 102 may include a plurality of
applications 10 (up to n, where n is an integer) that may
be executed by processor 42 and/or memory 44. Appli-
cations 10 may use the hardware loopback streams 14
from USB device(s) 106 for additional processing, such
as, but not limited to, acoustic echo cancellation and/or
recording the audio data 15 coming out of the speakers
20, 21. At any time applications 10 may send an audio
request 12 for a hardware loopback stream 14 to audio
stack 16 and may use the same audio data 15 output by
the speakers 20, 21 on USB device 106 by accessing
hardware loopback stream 14 provided by audio stack
16 containing the audio data 15 output from USB device
106. By using hardware loopback, a better representation
of the audio data 15 rendered to speakers 20, 21 of USB
devices 106 may be recorded in hardware loopback
streams 14 and used by applications 10.
[0031] Audio stack 16 may receive the audio request

12 from one or more applications 10 and may determine
whether USB device(s) 106 may provide hardware loop-
back capabilities. For example, one or more hardware
loopback streams 14 may be identified for USB device(s)
106 and audio stack 16 may determine that a hardware
loopback stream 14 is available for use with USB de-
vice(s) 106. Audio stack 16 may optionally provide ap-
plications 10 with a software loopback stream 13 in re-
sponse to one or more hardware loopback streams 14
not being identified for USB device(s) 106. Audio stack
16 may receive an identification of one or more hardware
loopback streams 14 from a driver 36 operating on com-
puter device 102.
[0032] Computer device 102 may include an operating
system 110 that may be executed by processor 42 and/or
memory 44. Memory 44 of computer device 102 may be
configured for storing data and/or computer-executable
instructions defining and/or associated with operating
system 110, and processor 42 may execute such data
and/or instructions to instantiate operating system 110.
An example of memory 44 can include, but is not limited
to, a type of memory usable by a computer, such as ran-
dom access memory (RAM), read only memory (ROM),
tapes, magnetic discs, optical discs, volatile memory,
non-volatile memory, and any combination thereof. An
example of processor 42 can include, but is not limited
to, any processor specially programmed as described
herein, including a controller, microcontroller, application
specific integrated circuit (ASIC), field programmable
gate array (FPGA), system on chip (SoC), or other pro-
grammable logic or state machine.
[0033] Operating system 110 may include a driver 36
that may be used to communicate with USB device(s)
106 and/or operate USB device(s) 106. Driver 36 may
also communicate with a USB stack 22 that communi-
cates with USB device(s) 106.
[0034] When a USB device 106 is plugged into, or oth-
erwise connected to, computer device 102, USB stack
22 may create a physical device object (PDO) 24, such
as a data structure associated with a bus driver according
to a device and driver layering model, that represents the
connection to the bus for USB device 106. For example,
USB stack 22 may detect a new connection to computer
device 102 and may create the PDO 24 for USB device
106 in response to detecting the new connection.
[0035] USB stack 22 may determine configuration set-
tings information 26 for USB device 106. The configura-
tion settings information 26 identifies at least one pin 39
(e.g., microphone 17, 19) on USB device 106 that may
be used as a hardware loopback pin 18. For example,
registry settings may store the configuration settings in-
formation 26 for USB device 106. Another example may
include storing the configuration settings information 26
for USB device 106 in custom files. The configuration
settings information 26 may be provided using OS spe-
cific firmware 30 on USB device 106. For example, USB
stack 22 may automatically locate and/or otherwise iden-
tify the OS specific firmware 30 on USB device 106. The
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OS specific firmware 30 may follow a standard format
and the USB stack 22 may translate and/or convert the
instructions provided in the OS specific firmware 30 into
configuration settings information 26 for USB device 106.
The configuration settings information 26 specifies a
mapping of which pin 39 to convert into a hardware loop-
back pin 18.
[0036] The configuration settings information 26 may
also be provided using a custom file, such as, but not
limited to, custom INF file 28. The custom INF file 28 may
set a configuration in the registry on computer device 102
that identifies at least one pin 39 on USB device 106 that
may be used as a hardware loopback pin 18. As such,
the custom INF file 28 may set values in the registry to
specify a mapping that identifies which pin 39 to turn into
a hardware loopback pin 18.
[0037] USB stack 22 may also determine a driver 36
for use with USB device 106. USB stack 22 may use one
or more predefined rules in determining the appropriate
driver 36 to use with USB device 106. For example, USB
stack 22 may identify a USB audio class driver for use
with USB device 106. USB stack 22 may create a func-
tional device object (FDO) 34, such as a data structure
associated with a function driver at a layer above the
PDO 24 according to a device and driver layering model,
for the determine driver 36 and may load driver 36 for
the PDO 24.
[0038] Driver 36 may be a custom driver that may ex-
pose the hardware loopback pin 18 on USB device 106.
For example, a custom driver may include predefined
information identifying various types of hardware for USB
device 106 and which terminal to convert on USB device
106 into a hardware loopback pin 18. Different hardware
types may identify different pins for converting into the
hardware loopback pin 18. In addition, driver 36 may be
a generic driver that may read predefined configuration
settings information 26 for USB device 106 set via the
custom INF file 28 or the OS specific firmware 30. The
configuration settings information 26 may identify wheth-
er a hardware loopback is present on USB device 106
and provide instructions for the generic driver to identify
which pin 39 to convert into the hardware loopback pin 18.
[0039] Driver 36 may perform a device initialization 37
in response to a USB device 106 connecting with com-
puter device 102. For example, when a PDO 24 is created
for USB device 106, driver 36 may perform a device in-
itialization 37 process for USB device 106. During the
device initialization 37 process, driver 36 may parse a
device configuration descriptor for USB device 106 (e.g.,
the firmware for USB device 106) to identify the capture
pins (e.g., microphone 17, 19) and/or render pins (e.g.,
speakers 20, 21) for USB device 106. If a specific capture
pin (e.g., microphone 17) is designated as a hardware
loopback pin 18, driver 36 may create a topology for USB
device 106 and the identified capture and/or render pins.
As such, the device initialization 37 process may identify
a designated hardware loopback pin 18 for USB device
106.

[0040] Driver 36 may also read the configuration set-
tings information 26 for USB device 106. For example,
USB stack 22 may provide the configuration settings in-
formation 26 to driver 36. The configuration settings in-
formation 26 specifies which pins (e.g., microphones 17,
19) 17 on USB device 106 may be turned into a hardware
loopback pin 18. Driver 36 uses the configuration settings
information 26 to identify one or more pins 39 on USB
device 106 that may be converted into a hardware loop-
back pin 18.
[0041] Driver 36 may perform a convert operation 38
to convert the identified pin 39 into a hardware loopback
pin 18. For example, the convert operation 38 may
change the identified pin 39 from obtaining audio through
microphone 17 and may connect microphone 17 to
speakers 20, 21. Driver 36 may provide instructions to
USB device 106 to convert the identified pin 39 (e.g.,
microphone 17) into a hardware loopback pin 18. For
example, driver 36 may hide the identified capture pin 39
so that the identified capture pin 39 may not be visible in
the user interface (UI) and may use the hardware loop-
back pin 18 for a hardware loopback stream 14. The hard-
ware loopback pin 18 may be connected to a DAC (Digital
to Analog Converter) Node on the render pin (e.g., speak-
ers 20, 21) so that any audio on the render device is also
captured by the hardware loopback pin 18. As such, the
identified pin 39 switches from a pin to a hardware loop-
back pin 18 capable of providing a hardware loopback
stream 14.
[0042] Driver 36 may receive one or more hardware
loopback streams 14 with the rendered audio data 15
from one or more USB devices 106. Hardware loopback
streams 14 may accurately represent the audio data 15
output from speakers 20, 21 on USB device(s) 106. Driver
36 may provide the hardware loopback stream 14 to au-
dio stack 16 and audio stack 16 may identify USB device
106 as having hardware loopback capabilities.
[0043] Audio stack 16 may provide the hardware loop-
back stream 14 to one or more applications 10. Applica-
tions 10 may want to use the hardware loopback stream
14 for various processing. One example may include ap-
plication 10 using the hardware loopback stream 14 to
perform echo cancelation on audio output from one or
more USB devices 106. For example, when an individual
is using a microphone 19 on USB device 106 on a SKYPE
call with a friend while some background music is playing
on speaker 21, capture stream 40 may include the audio
from microphone 19 (e.g., the individual speaking) and
audio from speaker 21 (e.g., background music). Appli-
cation 10 may use the hardware loopback stream 14 to
cancel out the audio from speaker 21 (e.g., the back-
ground music) so the friend does not hear the background
music in the call. In another example, application 10 may
want to record the audio emitted by one or more speakers
20, 21 on USB device 106. Application 10 may use the
hardware loopback stream 14 and/or a portion of the
hardware loopback stream 14 for the recording. For ex-
ample, application 10 may identify a portion of the hard-
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ware loopback stream 14 that corresponds to a particular
time frame and may extract the hardware loopback
stream 14 and/or a portion of the hardware loopback
stream 14 associated with the particular time frame (e.g.,
audio data 15) for the recording.
[0044] At any time applications 10 may access the
hardware loopback stream 14 and may be able to use
the same audio output by the speakers 20, 21 on any of
the USB devices 106 through the hardware loopback
stream 14. Moreover, since hardware loopback corre-
sponds more closely to the audio output by the USB de-
vices 106 than a stored stream of data input to the speak-
ers of the respective devices, a better representation of
the audio output by the USB devices 106 may be used
by the applications 10.
[0045] As such, computer device 102 may be used to
provide hardware loopback capabilities to USB devices
106. By converting at least one pin, such as, a micro-
phone on USB devices 106 into a hardware loopback
pin, USB devices 106 are able to provide hardware loop-
back capabilities to computer device 102 for use with
applications 10.
[0046] Referring now to Fig. 2, illustrated is an example
of a USB device 106 providing hardware loopback. USB
device 106 may receive audio 202, for example, from
one or more applications 10 (Fig. 1) on computer device
102 (Fig. 1) and/or one or more pins, e.g., microphone
19, on USB device 106. As discussed in relation to Fig.
1, computer device 102 may have converted pin (e.g.,
microphone 17) into a hardware loopback pin 18.
[0047] USB device 106 may perform additional
processing 204 on the received audio 202 prior to out-
putting the rendered audio data 15 via a render pin, e.g.,
speaker 20. The additional processing 204 may include,
but is not limited to, equalization, filtering, pitch shift, base
boost, and/or any other effect on the audio.
[0048] The hardware loopback pin 18 receives the au-
dio data 15 currently being rendered to the render pin,
e.g., speaker 20, of USB device 106. The hardware loop-
back pin 18 creates a hardware loopback stream 14 for
the rendered audio data 15. As such, anytime audio data
15 is rendered for output from speaker 20 on USB devices
106, the rendered audio data 15 is obtained by hardware
loopback pin 18 and provided in a hardware loopback
stream 14. The rendered audio data 15 for output may
include any additional processing 204 performed on the
rendered audio data 15.
[0049] Referring now to Figs. 3A and 3B, an example
method 300 may be used by computer device 102 (Fig.
1) for converting an identified pin 39 (Fig. 1) into a hard-
ware loopback pin 18 (Fig. 1) on a USB device 106 (Fig.
1). The actions of method 300 may be discussed below
with reference to the architecture of Fig. 1.
[0050] At 302, optionally, method 300 may include re-
ceiving an indication a device is connected with the com-
puter device. For example, USB stack 22 may detect a
new connection to computer device 102 when a USB
device 106 is plugged into, or otherwise connected to,

computer device 102.
[0051] At 304, optionally, method 300 may include lo-
cating an operating system specific firmware on the de-
vice. For example, USB stack 22 may automatically lo-
cate and/or otherwise identify the OS specific firmware
30 on USB device 106 in response to detecting the new
connection to computer device 102. The OS specific
firmware 30 may identify at least one pin, e.g., micro-
phone 17, on USB device 106 that may be converted into
a hardware loopback pin 18. Once converted, micro-
phone 17 may provide hardware loopback capabilities
and may obtain hardware loopback stream 14. The OS
specific firmware 30 may provide operating specific in-
structions for identifying the pin to convert it to a loopback
pin. For example, the OS specific firmware 30 may pro-
vide instructions specific to WINDOWS OS. The OS spe-
cific firmware 30 may be added to USB device 106 by
the hardware manufacturer for USB device 106.
[0052] At 306, optionally, method 300 may include
translating the operating system firmware into configu-
ration settings information. The OS specific firmware 30
may follow a standard format and the USB stack 22 may
translate and/or convert the instructions provided in the
OS specific firmware 30 into configuration settings infor-
mation 26 for USB device 106. The configuration settings
information 26 may specify a mapping that identifies
which pin 39 to convert into a hardware loopback pin 18.
[0053] At 308, optionally, method 300 may include cre-
ating a physical device object (PDO) for the device. USB
stack 22 may create a physical device object (PDO) 24,
such as a data structure associated with a bus driver
according to a device and driver layering model, that rep-
resents the connection to the bus for USB device 106.
[0054] At 310, method 300 may optionally include iden-
tifying a driver to load for the physical device object. USB
stack 22 may also determine a driver 36 for use with USB
device 106. USB stack 22 may use one or more prede-
fined rules in determining the appropriate driver 36 to use
with USB device 106. For example, USB stack 22 may
identify a USB audio class driver for use with USB device
106.
[0055] At 312, method 300 may optionally include us-
ing a custom file to set the configuration settings infor-
mation for the device. For example, the custom file may
be custom INF file 28 or any other setup information file
for USB device 106. The configuration settings informa-
tion 26 may be provided using a custom INF file 28. The
custom INF file 28 may set a configuration in the registry
on computer device 102 that identifies at least one pin
39 on USB device 106 that may be used as a hardware
loopback pin 18. As such, the custom INF file 28 may set
values in the registry to specify a mapping that identifies
which pin 39 to turn into a hardware loopback pin 18.
[0056] At 314, method 300 may optionally include load-
ing the driver for the physical device object. For example,
USB stack 22 may load driver 36 for the PDO 24. Oper-
ating system 110 may move the software program rep-
resenting driver 36 and move it into memory 44 for exe-
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cution by processor 42. For example, USB stack 22 may
find or otherwise locate a software module responsible
for interfacing with USB device 106. The software module
may be an in-box driver or other third party driver. An INF
file may be used during the process to select a best driver
and/or module to load into memory 44 to operate and/or
use with USB device 106.
[0057] At 316, method 300 may optionally include cre-
ating a functional device object (FDO) to represent the
driver. USB stack 22 may create a FDO 34, such as a
data structure associated with a function driver at a layer
above the PDO 24 according to a device and driver lay-
ering model, for the determine driver 36.
[0058] At 318, optionally, method 300 may include in-
itializing the device. Driver 36 may perform a device ini-
tialization 37. For example, when a PDO 24 is created
for USB device 106, driver 36 may perform a device in-
itialization 37 process for USB device 106. During the
device initialization 37 process, driver 36 may parse a
device configuration descriptor for USB device 106 (e.g.,
the firmware for USB device 106) to identify the capture
pins (e.g., microphone 17, 19) and/or render pins (e.g.,
speakers 20, 21) for USB device 106. Driver 36 may cre-
ate a topology for USB device 106 and the identified cap-
ture and/or render pins. In addition, the device initializa-
tion 37 process may identify whether a specific capture
pin (e.g., microphone 17) is designated as a hardware
loopback pin 18 for USB device 106.
[0059] At 320, optionally, method 300 may include
reading the configuration settings information for the de-
vice. Driver 36 may also read the configuration settings
information 26 for USB device 106. For example, registry
settings may store the configuration settings information
26 for USB device 106. Another example may include
custom files may store the configuration settings infor-
mation 26 for USB device 106. USB stack 22 may provide
the configuration settings information 26 to driver 36.
[0060] At 322, method 300 includes using the config-
uration settings information to identify at least one pin on
the device. The configuration settings information 26
specifies which pins (e.g., microphones 17, 19) 17 on
USB device 106 may be turned into a hardware loopback
pin 18. Driver 36 uses the configuration settings informa-
tion 26 to identify one or more pins 39 on USB device
106 that may be converted into a hardware loopback pin
18.
[0061] At 324, Driver 36 performs a convert operation
38 to convert the identified pin 39 into a hardware loop-
back pin 18. For example, the convert operation 38 may
change the identified pin 39 from obtaining audio through
microphone 17 and may connect microphone 17 to
speakers 20, 21. Driver 36 provides instructions to USB
device 106 to convert the identified pin 39 (e.g., micro-
phone 17) into a hardware loopback pin 18. For example,
driver 36 may hide the identified capture pin 39 so that
the identified capture pin 39 may not be visible in the user
interface (UI) and may use the hardware loopback pin
18 for a hardware loopback stream 14. The hardware

loopback pin 18 may be connected to a DAC Node on
the render pin (e.g., speakers 20, 21) so that any audio
on the render device is also captured by the hardware
loopback pin 18. As such, the identified pin 39 is changed
from a pin to a hardware loopback pin 18 capable of pro-
viding a hardware loopback stream 14.
[0062] At 326, method 300 includes receiving a hard-
ware loopback stream using the hardware loopback pin.
Driver 36 receives one or more hardware loopback
streams 14 with the rendered audio data 15 from one or
more hardware loopback pins 18 on USB devices 106.
Hardware loopback streams 14 may accurately repre-
sent the audio data 15 output from speakers 20, 21 on
USB device(s) 106.
[0063] Method 300 includes providing the hardware
loopback streams to one or more applications 10 exe-
cuting on computer device 102. Driver 36 may provide
the hardware loopback stream 14 to audio stack 16.
Since the hardware loopback pin 18 is connected to the
render pin (e.g., speakers 20, 21) through the DAC node,
the rendered audio data 15 may be copied to the capture
buffer. An application 10 requesting the loopback data
may read the hardware loopback stream 14 from the cap-
ture buffer.
[0064] Audio stack 16 may provide the hardware loop-
back stream 14 to one or more applications 10. Applica-
tions 10 may want to use the hardware loopback stream
14 for various processing. One example may include ap-
plication 10 using the hardware loopback stream 14 to
perform echo cancelation on audio output from one or
more USB devices 106. For example, when an individual
is using a microphone 19 on USB device 106 on a SKYPE
call with a friend while some background music is playing
on speaker 21, capture stream 40 may include the audio
from microphone 19 (e.g., the individual speaking) and
audio from speaker 21 (e.g., background music). Appli-
cation 10 may use the hardware loopback stream 14 to
cancel out the audio from speaker 21 (e.g., the back-
ground music) so the friend does not hear the background
music in the call. In another example, application 10 may
want to record the audio emitted by one or more speakers
20, 21 on USB device 106.
[0065] Since hardware loopback corresponds more
closely to the audio output by the USB devices 106 than
a stored stream of data input to the speakers of the re-
spective devices, a better representation of the audio out-
put by the USB devices 106 may be used by the appli-
cations 10.
[0066] As such, method 300 may be used to provide
hardware loopback capabilities to USB devices 106. By
converting at least one pin, such as, a microphone on
USB devices 106 into a hardware loopback pin, USB
devices 106 may be able to provide hardware loopback
capabilities for use with applications 10.
[0067] Referring now to Fig. 4 an example computer
400 that may be configured as computer device 102 in
accordance with an implementation includes additional
component details as compared to Fig. 1. In one exam-
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ple, computer 400 includes processor 42 for carrying out
processing functions associated with one or more of com-
ponents and functions described herein. Processor 42
can include a single or multiple set of processors or multi-
core processors. Moreover, processor 42 can be imple-
mented as an integrated processing system and/or a dis-
tributed processing system.
[0068] Computer 400 further includes memory 44,
such as for storing local versions of applications being
executed by processor 42. Memory 44 can include a type
of memory usable by a computer, such as random access
memory (RAM), read only memory (ROM), tapes, mag-
netic discs, optical discs, volatile memory, non-volatile
memory, and any combination thereof. Additionally,
processor 42 may include and execute operating system
110 (Fig. 1).
[0069] Further, computer 400 may include a commu-
nications component 46 that provides for establishing
and maintaining communications with one or more par-
ties utilizing hardware, software, and services as de-
scribed herein. Communications component 46 may car-
ry communications between components on computer
device 102, as well as between computer device 102 and
external devices, such as devices located across a com-
munications network and/or devices serially or locally
connected to computer device 102. For example, com-
munications component 46 may include one or more bus-
es, and may further include transmit chain components
and receive chain components associated with a trans-
mitter and receiver, respectively, operable for interfacing
with external devices.
[0070] Additionally, computer 400 may include a data
store 48, which can be any suitable combination of hard-
ware and/or software, that provides for mass storage of
information, databases, and programs employed in con-
nection with implementations described herein. For ex-
ample, data store 48 may be a data repository for appli-
cations 10, audio stack 16, USB stack 22, and/or driver
36.
[0071] Computer 400 may also include a user interface
component 50 operable to receive inputs from a user of
computer device 102 and further operable to generate
outputs for presentation to the user. User interface com-
ponent 50 may include one or more input devices, includ-
ing but not limited to a keyboard, a number pad, a mouse,
display (e.g., which may be a touch-sensitive display), a
navigation key, a function key, a microphone, a voice
recognition component, any other mechanism capable
of receiving an input from a user, or any combination
thereof. Further, user interface component 50 may in-
clude one or more output devices, including but not lim-
ited to a display, a speaker, a haptic feedback mecha-
nism, a printer, any other mechanism capable of present-
ing an output to a user, or any combination thereof.
[0072] In an implementation, user interface component
50 may transmit and/or receive messages corresponding
to the operation of applications 10, audio stack 16, USB
stack 22, and/or driver 36. In addition, processor 42 ex-

ecutes applications 10, audio stack 16, USB stack 22,
and/or driver 36, and memory 44 or data store 48 may
store them.
[0073] As used in this application, the terms "compo-
nent," "system" and the like are intended to include a
computer-related entity, such as but not limited to hard-
ware, firmware, a combination of hardware and software,
software, or software in execution. For example, a com-
ponent may be, but is not limited to being, a process
running on a processor, a processor, an object, an exe-
cutable, a thread of execution, a program, and/or a com-
puter. By way of illustration, both an application running
on a computer device and the computer device can be
a component. One or more components can reside within
a process and/or thread of execution and a component
may be localized on one computer and/or distributed be-
tween two or more computers. In addition, these compo-
nents can execute from various computer readable me-
dia having various data structures stored thereon. The
components may communicate by way of local and/or
remote processes such as in accordance with a signal
having one or more data packets, such as data from one
component interacting with another component in a local
system, distributed system, and/or across a network such
as the Internet with other systems by way of the signal.
[0074] Moreover, the term "or" is intended to mean an
inclusive "or" rather than an exclusive "or." That is, unless
specified otherwise, or clear from the context, the phrase
"X employs A or B" is intended to mean any of the natural
inclusive permutations. That is, the phrase "X employs
A or B" is satisfied by any of the following instances: X
employs A; X employs B; or X employs both A and B. In
addition, the articles "a" and "an" as used in this applica-
tion and the appended claims should generally be con-
strued to mean "one or more" unless specified otherwise
or clear from the context to be directed to a singular form.
[0075] Various implementations or features may have
been presented in terms of systems that may include a
number of devices, components, modules, and the like.
It is to be understood and appreciated that the various
systems may include additional devices, components,
modules, etc. and/or may not include all of the devices,
components, modules etc. discussed in connection with
the figures. A combination of these approaches may also
be used.
[0076] The various illustrative logics, logical blocks,
and actions of methods described in connection with the
aspects disclosed herein may be implemented or per-
formed with a specially-programmed one of a general
purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable
logic device, discrete gate or transistor logic, discrete
hardware components, or any combination thereof de-
signed to perform the functions described herein. A gen-
eral-purpose processor may be a microprocessor, but,
in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine.
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A processor may also be implemented as a combination
of computer devices, e.g., a combination of a DSP and
a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core,
or any other such configuration. Additionally, at least one
processor may comprise one or more components op-
erable to perform one or more of the steps and/or actions
described above.
[0077] Further, the steps and/or actions of a method
or algorithm described in connection with the implemen-
tations disclosed herein may be embodied directly in
hardware, in a software module executed by a processor,
or in a combination of the two. A software module may
reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, a hard
disk, a removable disk, a CD-ROM, or any other form of
storage medium known in the art. An exemplary storage
medium may be coupled to the processor, such that the
processor can read information from, and write informa-
tion to, the storage medium. In the alternative, the storage
medium may be integral to the processor. Further, in
some implementations, the processor and the storage
medium may reside in an ASIC. Additionally, the ASIC
may reside in a user terminal. In the alternative, the proc-
essor and the storage medium may reside as discrete
components in a user terminal. Additionally, in some im-
plementations, the steps and/or actions of a method or
algorithm may reside as one or any combination or set
of codes and/or instructions on a machine readable me-
dium and/or computer readable medium, which may be
incorporated into a computer program product.
[0078] In one or more implementations, the functions
described may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in
software, the functions may be stored or transmitted as
one or more instructions or code on a computer-readable
medium. Computer-readable media includes both com-
puter storage media and communication media including
any medium that facilitates transfer of a computer pro-
gram from one place to another. A storage medium may
be any available media that can be accessed by a com-
puter. By way of example, and not limitation, such com-
puter-readable media can comprise RAM, ROM, EEP-
ROM, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any
other medium that can be used to store desired program
code in the form of instructions or data structures and
that can be accessed by a computer. Disk and disc, as
used herein, includes compact disc (CD), laser disc, op-
tical disc, digital versatile disc (DVD), floppy disk and Blu-
ray disc where disks usually reproduce data magnetical-
ly, while discs usually reproduce data optically with la-
sers. Combinations of the above should also be included
within the scope of computer-readable media.

Claims

1. A computer device, comprising:

a memory to store data and instructions;
at least one processor configured to communi-
cate with the memory, wherein the at least one
processor is configured to:

use (322) configuration settings information
to identify at least one pin on a universal
serial bus, USB, device in communication
with the computer device;
characterised in that the processor is fur-
ther configured to:

convert (324) the at least one pin into
a hardware loopback pin on the USB
device, wherein the hardware loopback
pin receives audio data that is currently
rendered to a render pin on the USB
device;
receive (326) a hardware loopback
stream with the audio data from the
hardware loopback pin on the USB de-
vice; and
provide the hardware loopback stream
to one or more applications executing
on the computer device.

2. The computer device of claim 1, wherein the config-
uration settings information is provided in a custom
file for the USB device.

3. The computer device of claim 1, wherein the config-
uration settings information is provided in operating
system specific firmware on the USB device.

4. The computer device of claim 3, wherein instructions
provided in the operating system specific firmware
are translated into the configuration settings infor-
mation.

5. The computer device of claim 1, wherein the config-
uration settings information provides a mapping of
the at least one pin to convert into the hardware loop-
back pin.

6. The computer device of claim 1, wherein the at least
one processor is further operable to convert the at
least one pin into the hardware loopback pin by pro-
viding instructions to the USB device to connect the
hardware loopback pin to the render pin on the USB
device.

7. The computer device of claim 1, wherein the one or
more applications use the hardware loopback
stream for at least one of echo cancellation or cre-
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ating a recording.

8. A method for converting an identified pin into a hard-
ware loopback pin on a universal serial bus, USB,
device in communication with a computer device,
the method comprising:

using (322), via a processor on the computer
device, configuration settings information to
identify at least one pin on the USB device in
communication with the computer device;
converting (324), via the processor, the at least
one pin into the hardware loopback pin on the
USB device, wherein the hardware loopback pin
receives audio data that is currently rendered to
a render pin on the USB device;
receiving (326) a hardware loopback stream
with the audio data from the hardware loopback
pin on the USB device; and
providing the hardware loopback stream to one
or more applications executing on the computer
device.

9. The method of claim 8, wherein the configuration
settings information is provided in a custom file for
the USB device.

10. The method of claim 8, wherein the configuration
settings information is provided in operating system
specific firmware on the USB device.

11. The method of claim 10, wherein the method further
comprises:
translating instructions provided in the operating sys-
tem specific firmware into the configuration settings
information.

12. The method of claim 8, wherein the configuration
settings information provides a mapping of the at
least one pin to convert into the hardware loopback
pin.

13. The method of claim 8, wherein converting the at
least one pin into the hardware loopback pin further
comprises providing instructions to the USB device
to connect the hardware loopback pin to the ender
pin on the USB device.

14. The method of claim 8, wherein the one or more ap-
plications use the hardware loopback stream for at
least one of echo cancellation or creating a record-
ing.

15. A computer-readable medium storing instructions
executable by a computer device, comprising at least
one instructions for causing the computer device to
perform the method of claim 8.

Patentansprüche

1. Computervorrichtung, umfassend:

einen Speicher zum Speichern von Daten und
Anweisungen;
mindestens einen Prozessor, der zum Kommu-
nizieren mit dem Speicher konfiguriert ist, wobei
der mindestens eine Prozessor konfiguriert ist
zum:

Verwenden (322) von Konfigurationsein-
stellungsinformationen zum Identifizieren
von mindestens einem Stift auf einer Uni-
versal-Serial-Bus-, USB-, Vorrichtung in
Kommunikation mit der Computervorrich-
tung,
dadurch gekennzeichnet, dass der Pro-
zessor ferner konfiguriert ist zum:

Umwandeln (324) des mindestens ei-
nen Stifts in einen Hardware-Loop-
back-Stift auf der USB-Vorrichtung,
wobei der Hardware-Loopback-Stift
Audiodaten empfängt, die aktuell an ei-
nen Render-Stift auf der USB-Vorrich-
tung gerendert werden;
Empfangen (326) eines Hardware-
Loopback-Streams mit den Audiodaten
von dem Hardware-Loopback-Stift auf
der USB-Vorrichtung; und
Bereitstellen des Hardware-Loopback-
Streams für eine oder mehrere Anwen-
dungen, die auf der Computervorrich-
tung ausgeführt werden.

2. Computervorrichtung nach Anspruch 1, wobei die
Konfigurationseinstellungsinformationen in einer
benutzerdefinierten Datei für die USB-Vorrichtung
bereitgestellt werden.

3. Computervorrichtung nach Anspruch 1, wobei die
Konfigurationseinstellungsinformationen in der be-
triebssystemspezifischen Firmware auf der USB-
Vorrichtung bereitgestellt werden.

4. Computervorrichtung nach Anspruch 3, wobei in der
betriebssystemspezifischen Firmware bereitgestell-
te Anweisungen in die Konfigurationseinstellungsin-
formationen übersetzt werden.

5. Computervorrichtung nach Anspruch 1, wobei die
Konfigurationseinstellungsinformationen eine Zu-
ordnung des mindestens einen Stifts zum Umwan-
deln in den Hardware-Loopback-Stift bereitstellen.

6. Computervorrichtung nach Anspruch 1, wobei der
mindestens eine Prozessor ferner zum Umwandeln
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des mindestens einen Stifts in den Hardware-Loop-
back-Stift durch Bereitstellen von Anweisungen für
die USB-Vorrichtung zum Verbinden des Hardware-
Loopback-Stifts mit dem Render-Stift auf der USB-
Vorrichtung betreibbar ist.

7. Computervorrichtung nach Anspruch 1, wobei die
eine oder mehreren Anwendungen den Hardware-
Loopback-Stream für mindestens eines von
Echounterdrückung oder Erstellen einer Aufzeich-
nung verwenden.

8. Verfahren zum Umwandeln eines identifizierten
Stifts in einen Hardware-Loopback-Stift auf einer
Universal-Serial-Bus-, USB-, Vorrichtung in Kom-
munikation mit einer Computervorrichtung, wobei
das Verfahren umfasst:

Verwenden (322) von Konfigurationseinstel-
lungsinformationen über einen Prozessor auf
der Computervorrichtung zum Identifizieren von
mindestens einem Stift auf der USB-Vorrichtung
in Kommunikation mit der Computervorrichtung;
Umwandeln (324) des mindestens einen Stifts
über den Prozessor in einen Hardware-Loop-
back-Stift auf der USB-Vorrichtung, wobei der
Hardware-Loopback-Stift Audiodaten emp-
fängt, die aktuell an einen Render-Stift auf der
USB-Vorrichtung gerendert werden;
Empfangen (326) eines Hardware-Loopback-
Streams mit den Audiodaten von dem Hard-
ware-Loopback-Stift auf der USB-Vorrichtung;
und
Bereitstellen des Hardware-Loopback-Streams
für eine oder mehrere Anwendungen, die auf
der Computervorrichtung ausgeführt werden.

9. Verfahren nach Anspruch 8, wobei die Konfigurati-
onseinstellungsinformationen in einer benutzerdefi-
nierten Datei für die USB-Vorrichtung bereitgestellt
werden.

10. Verfahren nach Anspruch 8, wobei die Konfigurati-
onseinstellungsinformationen in der betriebssys-
temspezifischen Firmware auf der USB-Vorrichtung
bereitgestellt werden.

11. Verfahren nach Anspruch 10, wobei das Verfahren
ferner umfasst:
Übersetzen der in der betriebssystemspezifischen
Firmware bereitgestellten Anweisungen in die
Konfigurationseinstellungsinformationen.

12. Verfahren nach Anspruch 8, wobei die Konfigurati-
onseinstellungsinformationen eine Zuordnung des
mindestens einen Stifts zum Umwandeln in den
Hardware-Loopback-Stift bereitstellen.

13. Verfahren nach Anspruch 8, wobei das Umwandeln
des mindestens einen Stifts in den Hardware-Loop-
back-Stift ferner Bereitstellen von Anweisungen für
die USB-Vorrichtung zum Verbinden des Hardware-
Loopback-Stifts mit dem Render-Stift auf der USB-
Vorrichtung umfasst.

14. Verfahren nach Anspruch 8, wobei die eine oder
mehreren Anwendungen den Hardware-Loopback-
Stream für mindestens eines aus Echounterdrü-
ckung oder Erstellen einer Aufzeichnung verwen-
den.

15. Computerlesbares Medium, auf dem durch eine
Computervorrichtung ausführbare Anweisungen ge-
speichert sind, umfassend mindestens eine Anwei-
sung zur Veranlassung der Computervorrichtung
zum Durchführen des Verfahrens nach Anspruch 8.

Revendications

1. Dispositif informatique comprenant :

une mémoire permettant de stocker des don-
nées et des instructions ;
au moins un processeur configuré pour commu-
niquer avec la mémoire, dans lequel l’au moins
un processeur est configuré pour :

utiliser (322) des informations de paramè-
tres de configuration pour identifier au
moins une broche sur un dispositif bus série
universel, USB, en communication avec le
dispositif informatique,
caractérisé en ce que le processeur est en
outre configuré pour :

convertir (324) l’au moins une broche
en une broche de bouclage matériel sur
le dispositif USB, dans lequel la broche
de bouclage matériel reçoit des don-
nées audio qui sont actuellement ren-
dues vers une broche de rendu sur le
dispositif USB ;
recevoir (326) un flux de bouclage ma-
tériel avec les données audio de la bro-
che de bouclage matériel sur le dispo-
sitif USB ; et
fournir le flux de bouclage matériel à
une ou plusieurs applications s’exécu-
tant sur le dispositif informatique.

2. Dispositif informatique selon la revendication 1, dans
lequel les informations de paramètres de configura-
tion sont fournies dans un fichier personnalisé pour
le dispositif USB.
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3. Dispositif informatique selon la revendication 1, dans
lequel les informations de paramètres de configura-
tion sont fournies dans un micrologiciel spécifique
au système d’exploitation sur le dispositif USB.

4. Dispositif informatique selon la revendication 3, dans
lequel les instructions fournies dans le micrologiciel
spécifique au système d’exploitation sont traduites
en informations de paramètres de configuration.

5. Dispositif informatique selon la revendication 1, dans
lequel les informations de paramètres de configura-
tion fournissent une mise en correspondance de l’au
moins une broche à convertir en broche de bouclage
matériel.

6. Dispositif informatique selon la revendication 1, dans
lequel l’au moins un processeur peut en outre être
utilisable pour convertir l’au moins une broche en
broche de bouclage matériel par fourniture des ins-
tructions au dispositif USB pour connecter la broche
de bouclage matériel à la broche de rendu sur le
dispositif USB.

7. Dispositif informatique selon la revendication 1, dans
lequel la ou les applications utilisent le flux de bou-
clage matériel pour au moins une opération d’annu-
lation d’écho ou une opération de création d’un fi-
chier.

8. Procédé de conversion d’une broche identifiée en
une broche de bouclage matériel sur un dispositif
bus série universel, USB, en communication avec
un dispositif informatique, le procédé comprenant :

l’utilisation (322), par l’intermédiaire d’un pro-
cesseur sur le dispositif informatique, des infor-
mations de paramètres de configuration pour
identifier au moins une broche sur le dispositif
USB en communication avec le dispositif
informatique ;
la conversion (324), par l’intermédiaire du pro-
cesseur, de l’au moins une broche en broche de
bouclage matériel sur le dispositif USB, dans
lequel la broche de bouclage matériel reçoit des
données audio qui sont actuellement rendues
vers une broche de rendu sur le dispositif USB ;
la réception (326) d’un flux de bouclage matériel
avec les données audio de la broche de boucla-
ge matériel sur le dispositif USB ; et
la fourniture du flux de bouclage matériel à une
ou plusieurs applications s’exécutant sur le dis-
positif informatique.

9. Procédé selon la revendication 8, dans lequel les
informations de paramètres de configuration sont
fournies dans un fichier personnalisé pour le dispo-
sitif USB.

10. Procédé selon la revendication 8, dans lequel les
informations de paramètres de configuration sont
fournies dans un micrologiciel spécifique au système
d’exploitation sur le dispositif USB.

11. Procédé selon la revendication 10, le procédé com-
prenant en outre :
la traduction des instructions fournies dans le micro-
logiciel spécifique au système d’exploitation en in-
formations de paramètres de configuration.

12. Procédé selon la revendication 8, dans lequel les
informations de paramètres de configuration fournis-
sent une mise en correspondance de l’au moins une
broche à convertir en broche de bouclage matériel.

13. Procédé selon la revendication 8, dans lequel la con-
version de l’au moins une broche en broche de bou-
clage matériel comprend en outre la fourniture des
instructions au dispositif USB pour connecter la bro-
che de bouclage matériel à la broche de rendu sur
le dispositif USB.

14. Procédé selon la revendication 8, dans lequel la ou
les applications utilisent le flux de bouclage matériel
pour au moins une opération d’annulation d’écho ou
une opération de création d’un fichier.

15. Support lisible par ordinateur stockant des instruc-
tions exécutables par un dispositif informatique,
comprenant au moins une instruction destinée à
amener le dispositif informatique à mettre en oeuvre
le procédé selon la revendication 8.
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